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Abstract 
Given the geographical characteristics of Bordeaux, the coastal radar installed in this region offers an 
opportunity to put in evidence the ocean-coast-continent interaction and the observation of the rain fields at the land-
sea transition. 
To this effect, the study site was divided into three windows of 60x180 km delimiting the ocean west of the radar 
and the continent to the east. 
A Comparative analysis of daily surfaces of rain echoes for the three study areas showed that during a very dry 
period the rainfall over the sea is reduced of half compared to those of the coast. On the other hand, the surfaces of 
rain echoes are evolving in the same way for all three areas and are more important over coast and continent that 
over sea, the difference is 23%. Almost the same difference was found for the rainfall rate recorded during the 
summer (June-September), the observation period the most favorable for our study.  
This difference was also verified using the model defined in recommendation ITU-R P.837-3 to calculate the rain 
intensity exceeded for p% for the average year and for a given location. 
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1. Introduction 
One of the themes imposed with greater vigor in recent years with responsibility for research policy is that of 
continent-ocean interaction. This formulation corresponds also word for word to LOICZ Land-Ocean Interaction. In 
the Coastal Zone [1], important component of projects in the past, including for example: the project GARP: Global 
Atlantic Research Program and National Oceanographic Coastal Program ( PNOC).  
Although the microphysical and dynamic processes responsible for the precipitation development seem 
quantitatively [2,3] the same over sea and over land, the results show the difference between the structure and 
organization of precipitation fields over sea and over land. The radars used in these programs are coastal offering 
opportunity to observe the distribution of rainfall fields over the sea, the coast and over the continent, including at 
the land-sea transition.  
Is the aim of this study was to discuss the land-sea rainfall fields difference in southwestern France by using the 
data collected with the radar of Bordeaux and also by using the data collected for 15 years by the European Center 
for Medium range Weather Forecasts (ECMWF) that published on the website of the International 
Telecommunication Union (ITU). 
2. Data 
The data were collected with the meteorological radar of Bordeaux-Merignac (44° 52'N, 0° 30'W, altitude 70 m) 
in southwestern France, about 36 km east of the Atlantic Coast Bay of Biscay. The radar of Bordeaux is an element 
of French network of weather radars (ARAMIS) that is managed by Meteo-France for rainfall monitoring. The data 
were collected continuously, with CAPPI scanning mode and repetition period of 5 min. In this study, the rainfall 
data of 1996 was used to form the two following dataset: 
a- Dataset 1: Daily surfaces of rainfall echoes. 
b- Dataset 2: Rain rate of the individual pixels. 
It should be noted that for the dataset 2, only four months of the summer season (June-September) were used so 
as to minimize the problem linked to the altitude of the precipitation melting layer. It was shown that at middle 
attitudes, the precipitation melting layer (i.e., the 0 °C isotherm) is located at low altitude, so that except during the 
summer, the radar does not observe a homogeneous scattering environment (rain or snow). In the Bordeaux area, the 
mean monthly altitude of the melting layer is always lower than 4.5 km of altitude; it is below 2.25 km during the 
five coldest months of the year [4]. 
3. Climatological analysis of the Bordeaux area 
As all French coastlines, Bordeaux is subject to a temperate climate of oceanic type, mild especially in winter, 
and relatively humid in all seasons. Rainfall occupies 35% of the time in the southwest of France. January is the 
wettest month, while May is the driest month (Fig.1). The cumulative surface of rain echoes during May represents 
7% of all echoes recorded throughout the year. The average daily rainfall duration is about 8h.  
  
Fig. 1.  Distribution of the monthly surface of rainfall echoes 
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Moreover, the climate is dry in Bordeaux in June, with the exception of the 21 day which experienced stormy 
formations [5], 72% rain surface are registered during the 21 day. That is why this day was set aside for the data 
used in our study. 
4. Sea-coast-continent interaction 
To highlight the ocean-coast-continent interaction and to take into account the geographical characteristics of the 
Bordeaux area, the study site was divided into three different areas as shown in Fig. 2. These three areas include: the 
sea in western radar, the coast (including radar) and the continent, at east of the radar. 



Fig. 2 . Location and shape of the areas, Image radar registered in 21/06/96 at 01H 10, Bordeaux
4.1  Distribution of surfaces of rainfall echoes  
For illustration as an example, Fig. 3 shows the distribution of the daily surface echoes (dataset1) over the sea, 
the coast and over the continent for month June. 
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Fig.3. distribution of surfaces of rainfall echoes over sea (), coast (Δ) and continent (×) registered in June 
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Looking at Fig. 3, it can be seen that the surfaces of rainfall in the three areas are evolving in the same way and 
they are more important over coast and continent than over sea. For dataset 1, the cumulative surface echoes values 
are 6.02 and 7.4 (x 106 km2) over sea and land (coast and continent) respectively, which is a 23% difference. 
However, this difference is mainly due to the accident of the rain and the duration more over sea than over land.  
The difference in duration of observed rainfall is 20%. 
Further, the average daily surface of rainfall echoes recorded in May, a very dry period are reduced by half over 
the sea compared to the coast. Similar findings have been identified by Elliot and Reed [6]. The rainfalls over the 
sea are reduced by half compared to those of the coast. These differences are attributed to the maximum intensity of 
convection air which is larger slightly and more uniform over sea than over land [2]. 
4.2 Distribution of rain rate 
Values of rainfall intensity data given by dataset 2 are estimated using a semi-empirical relationship of power 
between R and Z as defined by Marshall [7]: 
                                                                              Z = aRb                                                                                           (1) 
Where, a and b are the coefficients that their values are depending mainly on the drop size distribution (DSD), Z is 
the reflectivity data in mm6/m3, and R is the rainfall rate in mm/h.  
In this study, the values of the coefficients listed in Table 1 were used. These values were estimated by Armand and 
Sauvageot [8] using the probability matching method (PMM) proposed by Calheiros and Zawadzki [9]. 
Table 1. Coefficients of the Z–R relations computed from the PMM method, r is the radar-target distance (km). 
Linear coefficient 
a = 0 r < 40 km
a=278 e0.00145r 40 km  r  90 km 
a=979e-0.0125r 90 km  r  160 km
Exponential coefficient b=1.46+0.0013r 
The minimal rain rate detectable with a radar (MDRR) increases with distance. Thus, only reflectivities higher 
than the value of MDRR at 200 km were taken into account. This value is 15 dBZ, which corresponds 
approximately to R > 0.2 mm/h. 
Fig. 4 shows the distribution of radar reflectivities registered on 7273 images over the sea, coast and the continent 
during four months (June-September). Cumulative rain rate on those images are also evolving in the same way. 
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Fig.4 . Evolution of radar reflectivities over sea, coast and continent during (June-September) 
The cumulative rain rate registered on each of three areas shown in Fig. 2 can be deduced from dataset 2.Values 
summarized in Table 2 concerns the three observation points selected in the sea, coast and continent. 
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Table 2. Rain rate of the individual pixels selected in the three areas 
Sites  Cumul R(mm) Durée (h) R (mm/h) 
Zone1 92 92,88 0,99 
Zone2  751 606 1,24 
Zone3 292 249,4 1,17 
5. Characterization of  rain intensity by the l’UIT 
The Radio communication bureau of ITU recommends using the model shown in Annex 1 [10] of the 
Recommendation  ITU-R P.837-3 to calculate the rain intensity exceeded for a given percentage of the average year 
and a given location (With an integration time of 1 minute). This model should be applied to data submitted in 
digital files ESARAINxxx.TXT published in the part devoted to the Radio communication study group 3 of the 
ITU-R website. 
ESARAINPR6.TXT, ESARAIN_MC.TXT and ESARAIN_MS.TXT data files, respectively contain the numerical 
values of variables Pr6, Mc and Ms, while ESARAINLAT.TXT and ESARAINLON.TXT data files contain latitude 
and longitude corresponding. These data files have been established based on data collected for 15 years by the 
European Center for Medium-Range Weather Forecasts (ECMWF). 
The probability of rain, P0, and intensity of rain, Rp, exceeded for p% of the average year is calculated at the desired 
location according to the following equations: 
                                     ( )),(/),((0117.060 6e1),(),( LonLatPLonLatMr rsLonLatPLonLatP −−=                   (2)    
            
                                       mm/h)(
2
4),(
2
A
ACBB
LonLatRp
−+−
=
                                          (3) 
Were: 
A = a b                                                                                                                           
B = a + c ln( p / P0(Lat, Lon)) 
C = ln( p / P0(Lat, Lon)) 
and 
a = 1.11 
b =
093222
)),(),((
P
LonLatMLonLatM sc +
c = 31.5b
The probability of rain (p0) and the rain intensity (Rp) exceeded for 0.01% of the average year have been calculated 
according to the Recommendation ITU-R P.837-3 for three geographical locations (Table 3). It is an average 
specific intensity of a period of 52 minutes exceeded on average once every 15 years. In France, the intensity of 
rainfall varies from 22 to 60 mm / h, 0.01% of the average year [11]. 
Table 3. Rain intensity of a pixel selected from the three areas 
Emplacement Latitude (°) Longitude (°) Rp 0,01 %(mm/h) P0 (%) 
Mer 44.86  -2 53,20 4,48 
Côte (Radar) 44.86  -0.5 44,98 6,03 
Continent 44.86 0 43,49 6,25 
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6. Conclusion 
The results of this study showed that the cumulative surfaces echoes of rain was higher over land than over sea, by 
23%. However, this difference was not due to the variations of rain but due to the duration, which was longer over 
land than that of over sea, by 20%. Using the cumulative rain rate observed in the individual pixel for the sea, the 
coast and the continent areas, it was found that the sea-land difference was the same.  
It was also concluded that the sea-land difference, because the probability of rain over sea, was less than that of over 
land, by 34 % to 38%. 
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